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Body condition scoring (BCS) is a subjective, semiquantita-
tive method of assessing body fat and muscle.2 Scoring of body 
condition is performed in a wide variety of species including 
sheep, cattle, horses, dogs, cats, rats, and mice.2,6,8,11,16-19,22,25-27,30 
BCS can be used to assess overall health, production, and dietary 
management and can be a predictive factor in disease risk and 
outcome.7-12,14,21,22-24,29 Scales for scoring systems typically range 
from 1 to 5, 1 to 6, or 1 to 9, with midrange scores represent-
ing optimal body condition, lower values representing lean or 
emaciated conditions, and higher values indicating excessive 
body fat. With practice, most protocols are easy to learn and 
apply, especially when the scale is well described. Scoring of 
animals can be incorporated readily into physical examination 
procedures and can be useful in assessing the health and nutri-
tion of individual animals.

Although a scoring system that is based on visual assessment 
of free-ranging rhesus monkeys has been described,1 the system 
used in the current study is similar to those used in other species 
which are based on a hands-on assessment of the animals. The 
system (Figure 1), which has been described in detail elsewhere,3 
uses a scale of 1 to 5 in half units. In brief, the system entails the 
palpation of key anatomical sites (hips, spine, pelvis, thorax, 
and abdomen) to assess prominence of bony structures, muscle 
mass, and subcutaneous fat.

Valid BCS systems have several key characteristics. First, the 
scale is well described and relevant to the species to which it 

is applied; these features have already been addressed for the 
system we use here.3 In addition, users who apply the scoring 
system accurately independently score the same animal simi-
larly. Furthermore, provided that the animal’s body condition 
hasn’t changed, a rater assigns the same score whenever the 
same animal is presented. Finally, valid BCS systems are consist-
ent with other objective methods of assessing body condition. 
The goals of the current study were to assess interrater and 
intrarater variability. The questions posed were first, can the 
agreement between independent raters be explained by more 
than just chance, and second, can the scoring system be applied 
consistently by each rater.

Materials and Methods
Animals. All macaques were housed in large outdoor enclo-

sures at the California National Primate Research Center (Davis, 
CA). Each 1.5-acre enclosure housed 50 to 175 rhesus macaques 
(Macaca mulatta; age, newborn to 24 y). Macaques were provided 
water and a commercial diet (Purina Hi-Pro Monkey Chow, PMI, 
St Louis, MO) ad libitum and supplemented with fresh fruits 
and vegetables 2 times each week. Macaques were maintained in 
1 of 2 types of colonies—conventionally reared and SPF—within 
the outdoor enclosures. Conventionally reared animals were 
negative for SIV, simian retrovirus, and simian transmissible 
lymphoma virus. Level 1 SPF macaques were negative for the 
agents previously listed and Macacine herpesvirus 1; level 3 SPF 
animals were also negative for cytomegalovirus, foamy virus, 
and rhesus rhabdovirus. SPF macaques in outdoor enclosures 
were screened annually. All procedures were approved by the 
IACUC, facilities were AAALAC-accredited, and all procedures 
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formed. We elected to not standardize or formalize training, 
because we wanted to determine whether after reading the 
description and applying the scoring system, raters would 
interpret it similarly.

Body condition scoring. Assessing interrater variability. Four 
raters independently evaluated all animals and assigned a score 

involving animals adhered to recommendations in the Guide 
for the Care and Use of Laboratory Animals.13

Raters. Four veterinarians, both staff and resident, from 
2 institutions were assigned as raters. Individual training 
consisted of becoming familiar with the scoring system3 and 
using it during routine physical examinations that they per-

Figure 1. Body condition scoring of nonhuman primates, using Macaca mulatta as a model. Image reproduced from reference 3 with permission.
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The percentage agreement between raters was assessed for 
both complete agreement between all raters (that is, all raters 
assigned the same score to a particular animal) and for agree-
ment to within 0.5 score unit. Agreement to within 0.5 unit 
occurred in 1 of 2 ways: either 3 raters assigned the same score 
and 1 assigned a score that was within 0.5 unit of the score of 
the other 3 raters, or 2 raters assigned the same score and the 
2 remaining raters assigned a different score that is the same 
for both of them but differed from that of the first 2 raters by 
0.5. In each of these cases, scores across all raters were always 
within 0.5. Rater agreement to within 0.5 was 23% for the infant 
group, 63% for juveniles, 83% for the subadult group, and 84% 
for adults (Figure 2).

Overall agreement between scorers was highest for subadult 
and adult macaques (Table 3). In pairwise comparisons between 
raters, the κ values were largely concordant across the raters. In 
comparisons across age groups, κ values increased as the age 
of the macaques increased, consistent with overall percentage 
agreement. Intrarater agreement to within 0.5 score unit was 
100% for rater 1 and 93.3% for raters 2, 3, and 4 (Figure 3). 
The κ values (SE) were significant (P < 0.05) for each intrarater 
comparison (0.774 [0.249], 0.583 [0.237], 0.636 [0.224], and 
0.791 [0.252]) for raters 1, 2, 3, and 4, respectively. According to 
standard definitions regarding levels of agreement,20 interrater 
agreement was substantial for subadult and adult animals, fair 
for juveniles, and slight for infants. Intrarater agreement was 
substantial for all raters but one, for which it was moderate.

The frequency distributions of pairwise comparisons between 
raters are presented in Table 4 For each age group, the majority 
of the scores fell within 0.5 score unit. Scoring discrepancies 
were more numerous for infants and juveniles compared with 
adults and subadults. In addition, several scoring tendencies 
can be inferred from Table 4. Overall, rater 1 tended to score 
animals higher across all age groups. Raters 1 and 2 tended to 
score juvenile animals higher than did raters 3 and 4. For infants, 
rater 1 tended to score animals higher than did all other raters. 
Agreement between raters was similar across pairs for adults 
and subadults. For juveniles, raters 1 and 2 tended to agree 
and raters 3 and 4 tended to agree. For infants, raters 2, 3, and 
4 tended to agree.

Discussion
Agreement can be measured by using several statistics. 

Percentage agreement can provide an overall agreement rate; 
however, this statistic does not take chance into account. The 
κ statistic is a measure of agreement that indicates the proportion 
of agreement beyond that expected by chance.4 The proportion 
of expected agreement is based on the assumption that assess-
ments are independent between raters. To reflect the degree of 
disagreement, the κ statistic can be weighted so that greater em-
phasis is placed on large differences between ratings compared 
with small differences.5 Weighted κ penalizes disagreements 
in terms of their seriousness, whereas unweighted κ treats all 
disagreements equally.28 A number of weighting methods are 
available, but quadratic weighting is common.

Prior to the current study, anecdotal information suggested 
that when multiple raters assessed the same rhesus macaque, 
the scores were likely to agree within 0.5 score unit. A previous 
study similarly reported a high level of agreement (κ = 0.84 to 
0.91) and agreement to within a half-score between instruc-
tors who had experience in BCS of cattle.15 The current study 
demonstrated high percentage agreement (83% to 84%) and an 
overall substantial strength of agreement as determined by the 
κ coefficient (κ = 0.57 to 0.83) for adult and subadult animals. 

to each. As they were immobilized and presented to the raters, 
macaques were evaluated and scored based on the previously 
described scoring system3. In brief, each animal was assessed 
by palpation of bony prominences, muscle, and fat deposition 
over key body areas including the thorax, spine, hips, and ab-
domen. Scores ranged from 1, indicating an emaciated animal, 
to 5, which represents a grossly obese animal (Figure 1), in 
half-unit intervals.

Assessing intrarater variability. The same 4 raters independ-
ently reevaluated a subset of adult animals by using the same 
scoring criteria described. The colony manager randomly se-
lected these animals from 2 different outdoor enclosures; raters 
were blind to the animals’ previous histories, including BCS. 
To avoid any potential significant changes in body condition 
over time, macaques were rescored within 2 wk of the initial 
evaluation.

Treatment groups. Four corrals of animals were evaluated (n 
= 616). All body condition evaluations were done in conjunc-
tion with the regularly scheduled immobilization and physical 
examination of all animals within the outdoor enclosure. Ani-
mals were immobilized in no particular order by CNPRC 
personnel with ketamine (Fort Dodge Animal Health, Fort 
Dodge, IA) administered intramuscularly within a standard 
dose range of 10 to 15 mg/kg. Animals to be rescored by raters 
were randomly selected from 2 outdoor enclosures (n = 15) and 
transferred temporarily to indoor housing. The animals were 
immobilized with ketamine administered intramuscularly at a 
dose of 10 mg/kg.

Data analysis. The animal data was divided into relevant age 
groupings of infant (younger than 1 y), juvenile (1 to 4 y), sub-
adult (4 to 7 y), and adult (7 to 17 y). In some cases, the actual 
ages of macaques differed slightly from those of the category 
assigned. Natural breaks in the age groupings of the macaques 
and those whose birthdates put them closer to the next age 
category accounted for the differences.

A weighted κ statistic with quadratic weights was used to 
analyze intrarater and interrater variability. The weighted  
κ gives greater weight to those scores that are closer to each other 
than to more discrepant scores. A significant κ score (P < 0.05) 
rejects the null hypothesis of no agreement between raters. 
In addition, the κ score can be interpreted based on level of 
agreement. The following standards have been proposed for 
strength of agreement according to the κ coefficient and were 
adopted for the current study: 0 or less, poor agreement; 0.10 
to 0.20, slight; 0.21 to 0.40, fair; 0.41 to 0.60, moderate; 0.61 to 
0.80, substantial; and 0.81 to 1.00, almost perfect.20 Interrater 
variability was analyzed over all raters for each age group. 
Intrarater variability was analyzed over 15 macaques randomly 
selected from the 7- to 17-y age group that were rescored within 
1 to 2 wk of the initial scoring.

Results
Overall, more female macaques than male were assessed 

(Table 1). The composition of the groups housed in the large 
outdoor enclosures parallels the social structure of wild rhesus 
populations and, as such, the sex ratio is skewed in favor of 
female macaques.

The frequency distribution of each score within each age 
group is presented in Table 2.The most frequently assessed score 
(mode) was 2.0, 2.5, 3.0, and 3.5 for infants, juveniles, subadults, 
and adults, respectively. The ranges of scores reported for each 
age category was 1 to 3 for infants, 1.5 to 3.5 for juveniles, 1.5 
to 4.5 for subadults, and 1 to 5 for adults with all scores in the 
range represented.
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effect of ‘expected’ compared with ‘as is’ scoring, the overall per-
centage agreement to within one half a score unit for the infant 
group increased 7-fold when rater 1, who scored as expected, 
was removed from the calculation (data not shown). When 
this determination was repeated after individual exclusion of 
raters 2, 3, and 4, increases in agreement were only 3-, 4-, and 
2-fold, respectively, and were similar among these 3 raters, who 
reported scoring macaques ‘as is.’ This example suggests the 
potential for increased agreement between raters scoring infants 
when the scoring system is applied as described.

The frequency distribution of pairwise comparisons between 
raters demonstrated that most scores fell within one half of a 
score unit over all age groups.

Compared with that for adults and subadults, agreement be-
tween raters was less for juvenile animals and least for infants. 
Once data collection was completed, raters discussed their 
impressions of scoring different ages of macaques. In particular, 
raters indicated that scoring infants was particularly difficult, 
because they have so little muscle mass and fat reserves. Raters 
seemed to differ in their application of the score in regard to 
whether they scored an infant macaque ‘as is’ or as ‘expected 
for the age.’ In this sense, an infant with little muscle mass or 
fat deposits is essentially ‘normal’ and when scored for what is 
‘expected for age,’ would be scored as 3.0, but when scored ‘as 
is,’ an infant might receive a score of only 2.0. Juvenile animals 
presented the same challenge, particularly because they are 
typically thin or lean and may experience periods of significant 
growth and change in body stature. Pairwise comparisons 
(Table 4) highlighted the effect of the scoring discrepancies. 
For example, for infants, one rater tended to score animals no-
ticeably higher than did all 3 other raters, consistent with the 
postscoring discussion of scoring the infant animals as what 
is ‘expected for age’ rather than ‘as is.’ To further illustrate the 

Table 1. Number, age, and sex of macaques in each age category

No. of animals by sex

Age category Actual age range Male Female Total no. in group

Infant (<1 y) 11 d to 10 mo 45 69 115a

Juvenile (1–4 y) 0 y 11mo to 3 y 3 mo 104 149 253
Subadult (4–7 y) 3 y 11 mo to 6 y 3 mo 35 81 116
Adult (7–17 y) 6 y 11 mo to 17 y 3 mo 18 114 132
aSex was recorded as ‘unknown’ for 1 infant

Table 2. Distribution of scores by age group

Age Score

 group 1 1.5 2 2.5 3.0 3.5 4.0 4.5 5.0

Infant 17 146 171 108 18 0 0 0 0
Juvenile 0 23 372 423 190 4 0 0 0
Subadult 0 8 26 132 195 79 21 3 0
Adult 1 5 8 59 140 167 92 47 9

Data are given as the number of times the score was assigned; the most 
frequently assigned score (mode) is given in boldface.

Figure 2. Percentage agreement between raters for each age category.

Table 3. κ values (with SE in parentheses) for each pairwise comparison 
between raters, representing interrater agreement

Rater

Age category Rater 2 3 4

Infant 1 0.211 (0.036) 0.089 (0.016) 0.145 (0.037)
2 0.389 (0.067) 0.190 (0.076)
3 0.196 (0.051)

Juvenile 1 0.385 (0.061) 0.221 (0.027) 0.193 (0.023)
2 0.256 (0.035) 0.169 (0.029)
3 0.491 (0.062)

Subadult 1 0.764 (0.091) 0.715 (0.083) 0.580 (0.072)
2 0.680 (0.083) 0.574 (0.073)
3 0.749 (0.090)

Adult 1 0.800 (0.082) 0.793 (0.081) 0.759 (0.079)
2 0.790 (0.084) 0.791 (0.083)
3 0.829 (0.086)

*, P < 0.05 for all pairwise comparisons (κ – 2SE > 0)

Figure 3. Intrarater agreement.
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nonhuman primates supports the validity of the scoring system. 
For the current study, the scoring system was applied most 
consistently for subadult and adult macaques. By scoring all 
age groups, including infants and juveniles, on an ‘as is’ basis, 
we anticipate that the agreement between raters over all age 
groups will improve. Raters who use our BCS system likely 
will be in agreement to within 0.5 score unit.

The goals for our BCS system are to provide a well-described 
scale that can be applied consistently and uniformly across 
raters, animals, and facilities. We envision that the score would 
be applied as part of the physical examination, to provide ad-
ditional details with regard to the animal’s body composition. 
The score would then be interpreted in light of the animal’s 
status including age, nutrition, health, experimental use, and 
breeding. Various scores, particularly those that approach the 
extremes of the scale, might prompt nutritional, experimental, 
diagnostic, or therapeutic intervention. Our current study dem-
onstrates that raters who score completely independently and 
are from different institutions show good agreement to within 
one half score. In an everyday setting in which multiple raters 
are scoring the same animal, assigning a consensus score likely 
would be the desired approach.
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